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In the course of experiments in which it became necessary to make 
counts of the numbers of red blood  corpuscles  in various solutions 
"without  the use of fixatives it was observed that the cells began to 
hemolyze  as  soon as  they settled  out in  the hemocytometer, even 
though  the  same cells  might remain intact  for hours  when not in 
contact with the glass.  Hemolysis occurred in some cases so rapidly 
that it was impossible  to make accurate counts.  Hemolysis of this 
sort must have been frequently observed by others, but the literature 
seems to contain no mention of the fact, nor does any study seem to 
have been made of the conditions underlying the phenomenon.  An 
investigation of the  subject was  undertaken with  the  idea  that  it 
might throw some fight  upon  other well known reactions between 
blood  cells and solid  bodies,  such as  the phagocytosis of solid  par- 
tides,  the  spreading  of  leucocytes  against  solid  surfaces,  and  the 
disintegration of blood  platelets  upon  contact with  foreign bodies. 
EXPERWMq~.NTAL. 
Contact Hemolysis. 
The phenomenon of contact hemolysis may be easily demonstrated 
in the following manner.  A  drop of blood is taken from the finger 
into  25  cc.  of 0.9  per cent sodium  chloride.  The cells  are  centri- 
fuged out and resuspended in 25 cc. of 0.9 per cent sodium chloride. 
If a drop of this suspension is mounted on a slide which is not scrupu- 
lously dean,  the more or less  rapid  hemolysis of  the cells may be 
readily observed, especially if no precaution has been taken to neu- 
tralize the sodium chloride solution which, ordinarily, is as acid as 
pH  S,  even when prepared from chemically pure material.  Under 
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favorable circumstances all the cells may have disappeared in 5 min- 
utes,  although  there  has  been  no  change in  the  original material. 
Quantitative data are obtained in the same manner by making fre- 
quent counts of the numbers of corpuscles still intact on the slide 
and in suspension. 
TABLE  I. 
Time Required for 50 Per Cent Hemolysis of Washed Erytkrocytes Resting on Glass 
and in Suspension. 
Erythrocytes. 
Human. 
Rabbit. 
Time required for 50 per cent hemolysis. 
pH 
3.5 
4.0 
4.0 
5.2 
6.0 
9.3 
10.0 
3.3 
3.5 
3.6 
3.8 
4.0 
4.2 
9.6 
9.7 
9,8 
9.8 
10,05 
In suspension. 
hrS. 
0.18 
0.27 
0.2-0.4 
1-2.+ 
3.+ 
2.90 
2.+ 
0.20 
0.32 
0.36 
0.52 
0.31 
0.6-1.0+ 
0.43 
0.32 
0.37 
0.30 
0.40 
]Zr$. 
0.07 
0.17 
0.10 
0.60 
2.+ 
1.10 
0.87 
0.07 
0.07 
0.10 
0.05 
0.06 
0.15 
0.22 
0.22 
0.23 
0.24 
0.44 
On ! lass. 
~or ten|* 
39 
63 
304- 
50-- 
38 
50-- 
35 
22 
28 
10 
19 
25-- 
51 
69 
62 
80 
110 
Average  ...................................................  47 
* Time on glass in per cent of time in suspension. 
In some cases the hemolysis under the cover-slip was quite irregular in different 
parts.  This is indicated in the tables either by two figures (as 0.26-6.0), showing 
the approximate extent of the irregularity, or by a minus sign, indicating  that the 
counts were made where hemolysis was slowest. 
The results of eighteen such experiments with washed rabbit and 
human erythrocytes are given in Table I.  In using human blood, 
approximately 0.01  cc.  was  taken from a  finger-tip in a  calibrated 
capillary pipette, washed once in 25 cc. of 0.9 per cent sodium chloride, 
and resuspended in a  similar volume of isotonic salt solution.  Mix- WALLACE O.  ~.NN  273 
tures of varying pH were prepared by taking 5 cc. of this suspension 
(in some experiments only  1  cc.)  plus  1  to  5  cc.  of 0.004 ~ sodium 
hydroxide or 0.005 ~  hydrochloric acid in 0.9 per cent sodium chloride 
plus  enough 0.9  per cent sodium chloride to make 15  cc.  The pH 
was measured by a  Boyle hydrogen ion potentiometer and a  Clark 
hydrogen electrode.  In experiments on rabbits, 0.3 cc. of blood was 
taken from the ear vein of a rabbit into a pipette previously rinsed in 
a 0.5 per cent solution of sodium oxalate in 0.9 per cent sodium chlo- 
ride  to  delay clotting,  centrifuged in  50  cc.  of 0.9 per cent sodium 
chloride, and resuspended in a similar volume of salt solution.  Mix- 
tures were then prepared as for human blood, with the exception that 
usually only 1 cc. of cells was used. 
To determine the rate of hemolysis on glass, a  cover-slip was sup- 
ported on the slide at four points by fragments of another cover-slip; 
and  the  mixture was  allowed  to  run  under  the  cover-glass,  which 
was  then  sealed  with  paraffin.  Counts  were  made  at  once  over 
equal areas as measured by an ocular micrometer disc ruled in squares. 
Frequent counts were made during the experiment, the points on the 
slide counted being chosen more or less at random in order to average 
to  some extent the  variations  sometimes observed  even under  the 
same  cover-slip.  The  course of hemolysis in  the remainder of the 
mixture, left in  suspension in the test-tube,  was followed simultane- 
ously.  It  was  thought  advisable, for the sake of uniformity, to do 
this by counting the number of intact corpuscles in a  given volume 
on a  hemocytometer.  Ordinarily about  200  cells were counted for 
each determination.  The  results  were then  calculated in  per  cent 
of the original, plotted on coordinate paper,  and the time necessary 
for  50  per  cent hemolysis was  determined graphically.  Text-fig 1. 
shows two typical curves having the characteristic S shape of hemoly- 
sis  curves.  The  time is determined most accurately at  the 50  per 
cent mark, the point of most rapid hemolysis. 
For  "clean  glass"  experiments  the  slides  were  first  thoroughly 
washed by the laboratory assistant by the usual methods, including 
treatment with soap and water, cleaning solution, and finally drying 
with a  clean towel.  For uniformity they were again allowed to re- 
main in cleaning solution for a  time, were rinsed in hot running tap 
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finally stacked on a glass rack where they dried in less than a minute. 
During the final stages  of the process they were handled  only with 
glass  tweezers.  This  method  has  the  advantage  of  avoiding  the 
grease which inevitably collects on the cleanest towel and it saves the 
labor of drying.  It is easy to demonstrate the presence of what  is 
probably a  film of grease on a  slide by scraping the surface  gently 
with a  pair of.:tweezers held perpendicularly.  On a  perfectly clean 
slide a  distinct  squeak  is heard.  On  slides  cleaned  by  the  usual 
Per cent not hemolyzed 
•  lime"  m 
,  1(, 
0  0.i  0.i  0.s  0.4  .o,-- 
T~xT-Fm. 1.  Curves showing the percentages of washed  rabbit  erythrocytes 
still intact at various times after mixing.  The time necessary for 50 per cent he- 
molysis of these cells in suspension  (pH 9.8)  was 0.38  hours,  while the hemolysis 
time for the same cells resting on glass was only 0.22 hours. 
methods involving wiping, there  is  usually  sufficient  grease  to  act 
as a-lubricant  so that the tweezers move smoothly over the surface. 
The figures in Table I  show that hemolysis of washed human and 
rabbit  erythrocytes  which  are  resting  on  clean  glass  occurs in less 
than one-half the  time necessary for the  cells in suspension.  That 
this cannot be due to small mounts of alkali is shown by the fact that 
the phenomenon occurs at the point of acid hemolysis as well as at 
the point of alkali hemolysis.  It is, if anything, more pronounced in 
acid solutions. W~LAC~  o.  ~'E~N  275 
Since it  was most natural  to  connect this  phenomenon with  the 
clotting of blood on contact with foreign bodies and the disintegra- 
tion of blood platelets, it seemed advisable to see whether the disin- 
tegration  of  the  erythrocytes could be  prevented by  a  thin film of 
vaseline, paraffin, or paraffin oil on the slide.  In Table II the hemoly- 
sis  time  of  washed  human  erythrocytes  in  suspension is  compared 
with the hemolysis time on a  slide covered with a  thin film of vase- 
line.  The vaseline was  taken  from a  solution in ether used in the 
laboratory  for  coating  cannulas  to  prevent  clotting.  As  on  clean 
glass,  the erythrocytes hemolyze more than twice as rapidly on vase- 
line as  they do in suspension.  Many  of  the  experiments  on vase- 
TABLE  II. 
T~tne Required for 50 Per Cent Hemolysis  of Human Erythrocytes  on a  Vaselined 
Slide  and  in  Suspension. 
pH 
3.3 
3.5 
4.0 
6.0 
10.0 
10.3 
Time required for 50 per cent hemolysis. 
In suspension, 
~fS. 
0.20 
0.18 
0.27 
3.+ 
2.+ 
1.+ 
]~r$. 
0.07 
0.10 
0.17 
2.+ 
0.60 
0.37 
On vaseline. 
~$r cent 
35 
55 
63 
30-- 
37-- 
line were done simultaneously with experiments on clean glass, with 
the  same  mixtures.  In  such  instances,  when  a  direct  comparison 
between  vaseline  and  glass  was  possible,  no  significant  difference 
between  the  two was  found.  The film  of vaseline was just  visible 
to  the naked eye;  and the microscope revealed many small drops of 
vaseline, which rounded up in contact with the water and sometimes 
became hardly distinguishable from blood corpuscles. 
Table  III  gives  the  results  of  another  experiment  with  washed 
rabbit corpuscles in which the time of hemolysis on paraffin and paraf- 
fin oil was compared with that in suspension.  The pam~n oil ("high- 
est purity"), like the vaseline, offers no protection against hemolysis. 
The results with paraffin  are more irregular,  but here too,  in most 276  HEMOLYSIS  Or  ERYTH~OCYTES 
cases, hemolysis is more rapid in the sedimented cells than in those 
suspended.  There  seems  to  be  some  other  factor involved  in  the 
case of paraffin, however, and to  some extent with paraffin oil, be- 
cause  the  time  curves  of  hemolysis  have  frequently an  abnormal 
shape, indicating that hemolysis begins very rapidly and stops short 
of completion, leaving part of the cells intact, sometimes for hours, 
after all the suspended cells have disappeared.  The reason for this 
abnormality is not apparent.  The paraffin or paraffin oil was applied 
to the slide with a  clean cloth, thus producing a  thin film barely vis- 
TABLE  III. 
Time Required for 50 Per Cent Hemolysis of Rabbit Erythrocytes on Films of Paraf- 
fin and Para2~n Oil, amt in Suspension. 
Time required  for 50 per cent hemolysis. 
pH 
In suspension.  On paraffin.  On paraffin  oil. 
3.3 
4.0 
4.0 
4.2 
9.7 
9.7 
10.3 
11.05 
11.4 
hrS. 
0.20 
0.44 
0.45 
6.0 
0.56 
0.68 
0.38 
0.15 
0.07 
hrs.  per cent 
•  O. 14"  70 
0.26-6.0  59+ 
0.12  27 
6.00  100 
0.13  23 
0.09--  13-- 
0.38  100 
0.10  67 
0.03-0.08  42+ 
hrS. 
0.08* 
0.10 
0.14 
0.60 
0.25-0.35 
0.36-- 
0.18-- 
0.04 
0.05 
per cemt 
4O 
23 
31 
10 
45-53 
53-- 
47-- 
27 
7O 
* Not completely hemolyzed until after the control, the shapes of the curves 
being different as explained in the text. 
ible to  the  naked  eye but  very  evident  under  the  microscope---as 
ridges in the case of paraffin or as drops in the case of paraffin oil. 
A  typical experiment of this series is plotted in Text-fig. 2. 
While  contact hemolysis does  occur with  clean glass,  it is  much 
more pronounced with  slightly soiled  glass.  Text-fig.  3  represents 
the results of a series of experiments in which the hemolysis of rabbit 
erythrocytes on paraffin, paraffin oil,  clean glass,  and in suspension 
is compared with the time necessary for hemolysis of the same cells 
in contact with a  soiled slide.  The sIides were first washed clean by WALLACE  O. FEIhrN  277 
the usual method and were then wiped with a  cloth which had been 
rubbed once on the hair but which was  otherwise clean.  This  treat- 
ment produced a  dimly visible film on the surface of the glass.  The 
extremely rapid hemolysis is very evident from the figure.  A similar 
experiment,  with slides coated with a  specimen of cedar oil used for 
immersion  lenses  also  shows  abnormally  rapid  hemolysis.  There 
was no assurance of the purity of this off, however, and  the result is 
not of great significance.  This figure shows that  there is no constant 
•  difference between the  rate  of hemolysis in  suspension and  the  rate 
of  hemolysis  on  glass,  paraffin,  or  paraffin  oil.  The  apparent  dis- 
Pel" cent ~ot hemo|yzed 
100 ~s~o 
SO 
0  O.Z  0.4  0.6  0.8  Hours 
TExx-FIO. 2.  Curves showing the rate of hemolysis of a suspension of washed 
rabbit cells (2,200 per  c.mm.) at pH 9.7 resting on films of paraffin and para/fin 
oil, and in suspension. 
crepancy between this  experiment  and  those previously cited is due 
to the serum  content of the mixture,  since the cells were not washed 
before use.  Allowing 40 per  cent  for  the  volume of the  corpuscles 
in whole blood, it may be calculated  that  the serum  content of the 
unwashed ceils in the final mixture  (5 cc. of cells to 10 cc. of hydro- 
chloric  acid  or sodium  hydroxide)  was 0.12  per  cent of the  normal 
serum  content  of  blood.  Even  with  this  small  concentration  of 
serum,  contact  hemolysis  is  prevented  to  a  considerable  extent  on 
dean  glass,  though  in  some experiments it was still evident, particu- 
Iarly in  acid  solutions.  The  results of all  available comparisons  on 278  IIE~OL¥SIS  O~ ERYTI-IROCYTES 
clean  glass  are  given in  Table IV.  In not  a  few instances  the  cells 
on  the  glass  hemolyze  even  less  rapidly  than  those  in  suspension. 
Comparison with Table I  reveals the striking effect of small amounts 
of serum in hindering  contact  hemolysis. 
Hours 
0.2" 
,$"  ~x  ~ 
clean  ~lass  [ 
Paraffin  oll  ] 
D 
"  X  oil  i 
"2"-'  ==".- 
5  4  5  6  7  8  9  10  ll  pH 
0.I  ®  x. 
TExT-FIo. 3.  Curves showing  the  time necessary  for  50  per  cent  hemolysis 
of rabbit erythrocytes in 0.12 per  cent serum in solutions  of various pH values. 
The rate of hemolysis in suspension  is compared with the rate of hemolysis when 
the cells were resting on clean glass or glass covered with films of paraffin, paraffin 
oil, cedar oil, or dirt obtained by rubbing a clean cloth on the hair.  Arrows indi- 
cate that the hemolysis time was greater than the value indicated.  Figures show- 
ing the hemolysis time in suspension  and on clean  glass under these conditions 
are  given  in  Table  IV. 
In some of the experiments with serum, umvashed cells were used; 
while in others an equivalent amount of serum was added  to washed 
cells.  No alteration in behavior due to the washing was detected. 
Further  experiments  would  be  desirable  in  order  to  see  whether 
the  effect of serum is dud to the  calcium content and whether it can WALLACE  O.  I~ENN  279 
be destroyed by heating.  One experiment was tried to make sure that 
it  was not due to the small amount of oxalate  present from rinsing  the 
pipette before taking the blood,  but no change in the rate  of hemoly- 
sis was detccted from twice the usual amount of oxalate in the sazne 
volume of sodium chloride without serum.  In one experiment 0.02 
TABLE IV. 
Tiate Required for 50 Per Cent Hemolysis  of Rabbit Erytttrocytes in 0.12  Per Cent 
Serum on Clean Glass and in Suspension. 
pH 
3.3 
3.3 
3.4 
3.8 
3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
4.0 
4.2 
4.2 
4.7 
5.2 
6.4 
9.5 
9.7 
9.7 
9.8 
9.9 
10.0 
10.2 
Time required for 50 per cent hemolysis. 
In suspension. 
0.24 
0.23 
0.23 
0.40 
0.35 
0.22 
]lf$. 
0.08 
0.15 
0.15 
0.27 
0.27 
0.5--1.0 
On  lass. 
0.28 
0.25 
0.17 
0.18 
0.22 
2.+ 
0.64 
2.+ 
0.28 
0.22 
0.26 
0.22 
0.27 
2.+ 
0.6 
0.8--1.2 
3.dr - 
1.+ 
0.44 
0.54 
0.42 
0.36 
0.24 
0.35 
0.20 
2.8 
1.+ 
0.43 
0.80 
0.42 
0.36 
0.23 
0.41 
0.25 
~eg ceni 
33 
65 
65 
68 
77 
228+ 
100 
88 
153 
120 
122 
94 
50-- 
90-- 
98 
140 
loo 
100 
96 
117 
125 
per  cent  of sentrn  was  found  to  prevent  hemolysis  on  glass  almost 
completely, which otherwise  took place in about half an hour.  This 
was  probably  largely  due  to  the  buffer  action  of  the  serum.  No 
measurements  of the pH were made in  this  experiment. 
In a  few preliminary experiments it was found that 2 per cent dex- 
trose and 0.5 per cent acacia definitely inhibited hemolysis of human 280  HEMOLYSIS  Or  ERYTHROCYTES 
red cells at pH 5.2,  while 0.25  per cent acacia failed to do so.  More 
determinations  are  necessary to  establish  this  as  a  fact.  Interest 
in these substances arises from the work of Rous and Turner (1), who 
recommend  dextrose-Locke's  solution  for  preserving  red  cells  and 
gelatin  to  protect  them  from  injury  during  centrifuging.  Acacia 
might be expected to  resemble gelatin in  this  respect. 
In view of the hemolyzing effect of small amounts of impurities on 
the glass it is evident that the interpretation of the results is always 
open to the possible but improbable objection that the glass was not 
perfectly clean.  It was not thought practicable, however, as a  rou- 
tine measure in such a large number of determinations to subject the 
glass  to more extended treatment, such as rubbing with  grease-free 
diatomaceous  earth,  etc.  It  is  evident,  nevertheless,  that  contact 
hemolysis is  a  phenomenon which must occur frequently in  experi- 
ments on the preservation of red blood corpuscles in vitro  (1).  Also, 
the hemolysis often observed in  centrifuging washed red blood cor- 
puscles is doubtless of a  similar nature.  In all such experiments it 
is essential that the pH be controlled more accurately than has usually 
been considered necessary, since the hemolysis limits are much nar- 
rower for cells in contact with glass.  The usual acidity of chemically 
pure preparations of sodium chloride (pH  5.0)  and the alkalinity of 
sodium citrate solutions make this particularly advisable. 
A  number  of experiments were  tried  with fresh mica surfaces, in 
the hope that they might be found cleaner than paraffin or glass, but 
the result was even more irregular.  In some areas on the slide the 
ceils hemolyzed much more rapidly, in others somewhat less rapidly 
than the control cells in suspension.  On the whole, it may be said 
that  contact hemolysis occurs on mica as well as  on the other sur- 
faces used. 
In  explaining  these  results  three  possibilities  are  open.  In  the 
first  place,  one  thinks  of  soluble  materials  coming from  the  glass. 
Thus  Hausmann  and Kefl  (2),  in  studying oligodynamic hemolysis 
by  various  metallic  plates,  observed  that  hemolysis  occurred  also 
around a  glass rod left in the plate of agar containing the red blood 
corpuscles, and attributed  the results to alkali given off by the glass. 
This  explanation,  however, seems excluded here because of the fact 
that contact hemolysis occurs in acid as well as in alkaline solutions. WALLACE  O.  l~'EiN-'lq"  281 
Another  proposal  is  that  of  Schwyzer  (3),  who  believed  that  the 
formation of rolls by red blood corpuscles in contact with glass was due 
to a  neutralization of their electric charge.  This explanation is also 
somewhat  improbable  in  view  of  the  fact  that  contact  hemolysis 
occurs on both sides of the isoelectric point of the red blood corpus- 
cles (pH 4.7, as given by Coulter (4)). 
A more useful working hypothesis seems to be that contact hemoly- 
sis is the result of an attempt on the part of the corpuscle or, perh.aps, 
some ingredient of the corpuscles,  as  the lipoids,  to  spread  on  the 
glass  by  surface tension,  thus  accelerating the disintegration  of the 
structure.  It may be supposed  that this  spreading would occur  in 
neutral" as well as in acid and alkaline solutions if it were not for the 
more  or  less  rigid  structure  of  the  corpuscle,  1  This  conception is 
readily correlated with the experiments of Bechhold (5), who observed 
that when red blood corpuscles were shaken with clay or kieselguhr, 
the particles of the latter could be observed sticking to  the outside 
of the cells.  On  shaking the mixture vigorously  enough to  detach 
these particles, hemolysis occurred.  His interpretation was that the 
particles tore away with them parts of the cell (he suggests lipoid), 
thus serving to break up the intimate association of lipoid and pro- 
tein upon which he conceives the rigidity of the corpuscle to depend. 
The rigidity of the cells, which keeps them disc-shaped, is obviously 
reduced  in  alkaline  solutions  when  they  round  up.  During  acid 
hemolysis on the glass the cells are larger in diameter, either because 
of swelling (Price-Jones (6))  or because they spread out on the glass 
into  a  hemispherical  shape.  Simultaneously  they  become  lighter 
in color and focus the rays of light at a  higher point than ~lo normal 
cells.  This may be due to a  more or less hemispherical shape  (such 
as obtains in a cell which spreads out), or to a lower refractive index, 
or to both. 
If this hypothesis were true, the erythrocytes might be expected to 
stick to  the glass most firmly in those solutions in which they show 
contact hemolysis to the greatest extent.  From a few experiments on 
the stickiness of erythrocytes, which are described later,  it may be 
1  This seems somewhat more probable than the alternative assumption that the 
cells are not pulled out by surface tension at neutrality as strongly as in acid or 
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concluded that the cells are more sticky in acid solutions and less so 
in  alkaline  than  they are  at  neutrality.  This  observation  clearly 
supports the idea that  contact hemolysis, in the acid range at least, 
is due to a spreading out of the cell.  If the same conception is to be 
applied to alkaline solutions in which hemolyzing cells are, if anything, 
smaller than normal and in which their stickiness is also less, it must be 
assumed that some ingredient of the cells,  as the lipoids, is spreading 
invisibly.  Since there is as yet no experimental basis  for this idea, 
speculation is futile.  It may be pointed out, however, that the flota- 
tion processes for the separation of different ores depend in general 
upon  the  greater  tendency  of certain  particles  of  ore  to  stick  to 
oil drops, suggesting by analogy a  greater attraction of the glass for 
lipoids than for other parts of the cell.  However that may be, some 
readjustment of the cellular equilibrium would be expected, from or- 
dinary principles of surface tension,  when a  complex system of dif- 
ferent phases like a  red blood corpuscle comes into  contact with  a 
solid  body.  While  this  readjustment  may  not  have  a  detectable 
effect on a  normal cell, it may well accelerate disintegration of a  cell 
which is already at the point of acid or alkaline hemolysis. 
It is possible  that differences in the sensitivity of erythrocytes to 
contact with glass may occur between species or between individuals, 
though no attempts have been made to detect them.  The method, 
however, is not very well suited for the measurement of small varia- 
tions.  One is always confronted by the possibility of invisible films 
of impurities on the glass which destroy the constancy of the results. 
Experiments  on Stickiness  of Erythrocytes. 
Experiments on the stickiness of erythrocytes were undertaken by 
two methods.  In  the first,  the erythrocytes were allowed to  settle 
out in a  vessel made by sealing, with paraffin, a  short glass cylinder, 
2 cm. in diameter and 3 cm. long, to a microscope slide, the other end 
being  dosed  by a  rubber stopper with  a  capillary air  vent.  After 
an hour or two the vessel containing the supernatant solution and the 
sedimented cells was rotated on a  motor ten or fifteen times in  as 
many seconds about a horizontal axis, thus permitting the circulating 
liquid to wash off a  certain proportion of the cells.  This proportion 
was determined by counting the cells washed off and those still stick- 
ing on in known volumes and areas respectively. WALLACE O.  FElq'2q  283 
The  effect of pH on  the  stickiness  of washed  rat  erythrocytes as 
measured  by this  method  in  two  experiments  is  shown  by the  fol- 
lowing figures. 
pH 
Ezythrocytes stuck on slide. 
per cent 
17 
0 
0 
per cent 
15 
9 
0 
The  H  ion  concentration  was  maintained  by  buffer  solutions  of 
phosphates in ~o solutions.  At pH 5, in both cases, many hemolyzed 
cells,  which  had  not  been washed  off when  the  vessel was  rotated, 
could  be  dimly  seen  on  the  slide.  This  shows  that  after  contact 
hemolysis in  acid  solutions  the  remains  of the cells are stuck to the 
slide and  indicates  that  contact  hemolysis in  acid  solutions  may be 
due to a  spreading of the cells. 
In another  similar  experiment,  in  which  there  was apparently  no 
hemolysis, no ceils were found sticking to the slide at pH 7 or 9, while 
there were 700 per sq. ram. at pH 5. 
Further  measurements  by the same method with  varying concen- 
trations  of serum  indicate  again an  apparent  relation  between con- 
tact hemolysis and  stickiness.  The results were as follows: 
S ertuxt. 
#er cent 
0.00 
0.17 
0.35 
0.70 
Erythrocytes. 
Washed  off. 
per cenl 
43-4--9 
1004-6 
83  4-  7 
85±7 
Stuck on slide. 
per Cent 
10 
0 
0 
0 
Remainder, hemolyzed. 
per cenl 
47 
0 
17 
15 
In the presence of serum, no cells stick to the glass and there is no 
appreciable  hemolysis  (0,  17,  and  15  per  cent).  Without  serum, 
57  per cent  of the  cells are  either  stuck to  the  slide  or hemolyzed, 
hemolysis  being  probably  the  end-result  of  sticking.  The  solution 284  I-IEMOLYSIS  O~F  ERY'I'I~OCYTES 
of 0.9 per cent sodium chloride,  used  to dilute the serum,  was care- 
fully  neutralized.  Hemolysis  was  doubtless  accelerated  by  con- 
tact with the glass, which lasted in this instance for 1½ hours at25°C. 
The  other  method  by  which  the  stickiness  of  erythrocytes  was 
measured  consisted in allowing a  suspension of red blood corpuscles 
in the  solution under investigation  to run  under  a  cover-slip, which 
was supported at four points on a microscope slide by small fragments 
of  a  cover-slip,  as  in  the  experiments  on  contact  hemolysis.  The 
edges of the cover were sealed with paraffin.  After a certain  interval 
of time  (5 to 15 minutes)  the preparation  was inverted and  the per- 
centage  of cells which were stuck to the slide firmly enough  to pre- 
vent them from falling off was determined by counting the numbers 
of cells  observed over equal  areas  on cover and slide.  In  acid solu- 
tions almost no cells drop off no matter how long a  time is allowed3 
In alkaline solutions somewhat variable results are obtained, depend- 
ing  upon  the  time  intervals  allowed before and  after  inverting  the 
preparation.  This variation is probably due to the fact that it takes 
some time to reach equilibrium in alkaline solutions.  If  the  suspen- 
sion is mounted  as soon as mixed and  inverted  as soon as  the  cells 
have settled out, it may take  15 minutes  or an hour for the cells to 
drop  off.  If,  however,  5  minutes  are  allowed  between the  time  of 
mixing and the time of mounting, or if 15 minutes are allowed between 
the time of r:.ounting and the time of inverting,  a  large proportion  of 
the  cells usually drops off during  the first 5 minutes  after inverting. 
Two series of experiments by this method are summarized in Table V. 
In  Experiment  A,  the  cells were left in  suspension  5  minutes  after 
mixing,  to reach  equilibrium,  and the counts were then made within 
5 minutes after inverting.  In Experiment B, the cells were mounted 
immediately after mixing and inverted within 5 minutes,  but counts 
w~re  not  made  for  15  minutes  after  inverting.  To  avoid  further 
complications, this study was limited to those cases in which hemoly- 
sis had  not  begun  during  the  time  of  the  observations.  The  pH 
2 The behavior of erythrocytes in  this respect reminds one strikingly  of the 
device used by Perrin in determining Avogadro's constant by observations on a 
gamboge emulsion.  Acidification of the solutions caused the globules of gamboge 
to stick to the wails of the vessel, where they could be easily counted (Perrin, J., 
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values were determined electrometrically and were varied by the addi- 
tion  of 0.005 ~  solutions of sodium  hydroxide and  hydrochloric acid 
in 0.9 per cent sodium  chloride.  The cells were obtained by centri- 
fuging a  few drops of blood from a  pricked finger in a  known volume 
of salt solution.  When the cells were not washed,  the concentration 
of  serum  present  was  calculated  from  the  number  of  erythrocytes 
present  as  determined by the hemocytometer, allowing 40  per  cent 
for the volume of the corpuscles in fresh blood.  The results obtained 
by this  method as  given in  Table V  confirm those  obtained  by the 
previous method,  showing that human  erythrocytes are more sticky 
in acid solutions. 
TABLE V. 
Effect of pit on tke Percentage of Erytkrocytes Sticking to Glass. 
Experiment A.  Experiment B. 
pH  F.rythrocytesslide.  stuck on  pH  F,  rythrocytesslide.Stuck  on 
4.1 
5.2 
5.6 
8.0 
10.0 
10.1 
~er cent 
IO0 
92 
80 
2O 
29 
2 
,5.5 
6.5 
8.0 
8.8 
9.7 
per cent 
79 
62 
13 
3 
11 
Experiment A.--Cells in 0.05 per cent serum.  They were allowed to run under 
a  cover-slip on a microscope  slide 5 minutes after adding sodium hydroxide or 
hydrochloric acid.  5  minutes  later  the  slide  was  inverted.  After  another  5 
minutes the percentage sticking on the slide was determined by counting. 
Experiment B.--Cells in 0.9 per cent sodium chloride, no serum.  They were 
mounted on the slide immediately after mixing, and counts Were not made until 
15  minutes  after inverting.  In  alkaline  solutions  many  drop  off during  this 
longer interval unless they are allowed time to come to equilibrium  after mixing 
and before mounting.  Variations  less than 10 per cent are not significant. 
SUMMARY. 
1.  Washed erythrocytes, in both acid and alkaline solutions, hemo- 
lyze more rapidly when allowed  to settle  out  on a  clean microscope 
slide  than when kept in suspension. 286  I-IEMOLYSIS OF ERYTHROCYTES 
2.  This  is  also true  on slides  coated with  paraffin,  paraffin  oil,  or 
vaseline,  and on mica surfaces. 
3.  The presence of as little as 0.1 per cent serum inhibits such con- 
tact hemolysis, particularly in alkaline solutions. 
4.  Contact hemolysis is most marked  on slightly soiled glass,  and 
may  occur  so  rapidly  with  unfixed  cells  in  a  hemocytometer  that 
accurate counts are rendered impossible. 
5.  Erythrocytes  are  more  sticky  than  normally  in  acid solutions 
and less sticky in alkaline solutions. 
6.  The  increased  stickiness  of  erythrocytes in  acid  solutions  and 
their larger size during contact hemolysis in acid media provide some 
experimental  evidence for  the  view that  contact hemolysis is  to  be 
correlated  with  an  attempt  on  the  part  of  the  corpuscles,  or  some 
ingredient of the corpuscle, to spread on the glass after the manner of 
leucocytes and invertebrate blood cells. 
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